Science Graduate Students 
in K-8 Classrooms: 






Th* SOUIKtASl EISENHOWER 
REGIONAL CONSORTIUM 
f« MATHEMATICS and 
SCIENCE EDUCAITON 



SERVE 





Science Graduate Students 
in K-8 Classrooms: 





Penny J. Gilmer, 

D. Ellen Granger, 

& Wilbert Butler (Eds.) 



The SOUTHEAST EISENHOWER 
REGIONAL CONSORTIUM 
for MATHEMATICS and 
SCIENCE EDUCATION 



at 



SERVE 

TM 





SERVE 

TM 

Improving Learning through 
Research dr Development 


This document was produced in association with Florida State 
University and the Southeast Eisenhower Resional Consortium for 
Mathematics and Science Education @ SERVE. 


The SERVE Center at UNCG 

Associated with the 
School of Education, 
University of North Carolina 
at Greensboro 


First Printing, 2005 


This material is 


Co-Editors 


based on work supported 
in part by a grant from the 
National Science Foundation 


Penny J. Gilmer, Ph.D., D.Sc.Ed. 

Professor of Chemistry and Biochemistry at Florida State University 


(Grant #: DGE-0139299). 
Any opinions, findings, and 
conclusions or recommendations 
expressed in this monograph 


D. Ellen Granger, Ph.D. 

Director, Office of Science Teaching Activities, College of Arts and Sciences, 
Florida State University 


are those of the authors and 
do not necessarily reflect 
the views of the NSF. 


Wilbert Butler, M.Sc. 

Science Education Doctoral Graduate Student, 
Florida State University 


This document was produced 
with funding from the 


Program Support 


Dwight D. Eisenhower 
National Programs for 
Mathematics and Science 


Francena D. Cummings, Ph.D. 

Director of the Southeast Eisenhower Regional Consortium for Mathematics 
and Science Education @ SERVE 


Regional Consortia Program, 
Institute for Education 
Sciences, U.S. Department of 


Donna Nalley, Ph.D. 

Director of Publications, SERVE 


Education, under contact no. 

R319A000011-04. 


Karen DeMeester, Ph.D. 

Senior Program Specialist, SERVE 


The content of this publication 
does not necessarily reflect the 
views or policies of the Institute 
of Education Sciences, U.S. 
Department of Education, 
nor does mention of trade 
names, commercial products, 
or organizations imply 
endorsement by 
the U.S. Government. 


Tracy Hamilton 

Art Director, SERVE 



The Southeast Eisenhower 
Resional Consortium for 
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Education @ SERVE 

The Southeast Eisenhower Regional Consortium for Mathematics and Science Education @ 

SERVE is one of ten regional consortia created by Congress to improve mathematics and science 

education throughout the nation. The Consortium has three objectives: 

Z> Coordinating mathematics and science resources 

Z> Disseminating exemplary mathematics and science educational instructional materials 
Z) Providing technical assistance for the implementation of teaching methods and assessment 
tools for use by elementary and secondary school students, staff, and administrators 

The Consortium frames its work through the following focus areas: 

Z> Collaboration and Communication. Joining forces with other mathematics and science 
education organizations at the national, state, and local levels 
Z> Programs and Curricula. Identifying and disseminating exemplary mathematics and science 
materials with and through the Eisenhower National Center and other educational agencies 
Z> Professional Development. Providing for the training of teachers, administrators, and other 
trainers in the use of exemplary mathematics and science materials, methods, and assessments 
Z> Curriculum Frameworks. Assisting in the development and implementation of standards- 
based state curriculum frameworks 

Z> Technology. Facilitating the use of telecommunications technology as a tool for mathematics 
and science instruction 

Z> Equity. Supporting programs and activities that meet the needs of underserved groups in 
mathematics and science 

Z> Informal Education Agencies. Supporting the use of informal mathematics and science 
agencies through disseminating information and encouraging collaboration 
Z> Community Outreach. Promoting dialogue with community groups to engage them in 
meaningful ways to support mathematics and science 

We offer the following services to promote our objectives: 

Networks 

Z> Collaborating with existing networks of mathematics and science educators 
Z) Building and supporting new networks 

Z> Providing opportunities for educators to share ideas and observations about what works in 
mathematics and science education 
Z> Sponsoring conferences, teleconferences, meetings, and symposia 

Access to Promising Practices in Mathematics and Science 

Z> Identifying successful mathematics and science programs 
Z) Publishing information on effective programs 

Technical Assistance 

Z> Elelping schools and districts adapt and use new programs, policies, equipment, and resources 
Z> Identifying the training needs of mathematics and science educators 
Z> Developing effective training to meet identified needs through a Technical Assistance 
Academy for Mathematics and Science Services (TAAMSS) 

Resources 

Z> Providing access to SERVE products and services 

Z> Helping educators gain access to local, state, regional, and national resources 

Free and Low-Cost Materials 

Z> Developing practical resources schools can use, including publications, video tapes, 
resource lists, and policy briefs that address concerns from schools, districts, and state 
education agencies 
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Regional Consortium for 
Mathematics and Science 
Education @ SERVE 
1203 Governor’s Square 
Boulevard, Suite 400 
Tallahassee, FL 32301 
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The SERVE Center for Continuous Improvement at UNCG, under the leadership 
of Dr. Ludwig David van Broekhuizen, is an education organization with the 
mission to promote and support the continuous improvement of educational 
opportunities for all learners in the Southeast. The organization’s commitment 
to continuous improvement is manifest in an applied research-to-practice model 
that drives all of its work. Building on research, professional wisdom, and craft 
knowledge, SERVE staff members develop tools, processes, and interventions 
designed to assist practitioners and policymakers with their work. SERVE’s 
ultimate goal is to raise the level of student achievement in the region. Evaluation 
of the impact of these activities combined with input from stakeholders expands 
SERVE’s knowledge base and informs future research. 

This rigorous and practical approach to research and development is supported 
by an experienced staff strategically located throughout the region. This staff 
is highly skilled in providing needs assessment services, conducting applied 
research in schools, and developing processes, products, and programs that 
support educational improvement and increase student achievement. In the last 
three years, in addition to its basic research and development work with over 170 
southeastern schools, SERVE staff provided technical assistance and training to 
more than 18,000 teachers and administrators across the region. 

The SERVE Center is governed by a board of directors that includes the 
governors, chief state school officers, educators, legislators, and private sector 
leaders from Alabama, Florida, Georgia, Mississippi, North Carolina, and South 
Carolina. 

SERVE’s operational core is the Regional Educational Laboratory. Funded by the 
U.S. Department of Education’s Institute of Education Sciences, the Regional 
Educational Laboratory for the Southeast is one of ten Laboratories providing 
research-based information and services to all 50 states and territories. These 
Laboratories form a nationwide education knowledge network, building a bank 
of information and resources shared and disseminated nationally and regionally 
to improve student achievement. SERVE’s National Leadership Area, Expanded 
Learning Opportunities, focuses on improving student outcomes through the use 
of exemplary pre-K and extended-day programs. 
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Foreword 

This monograph is timely. For many years university scholars have participated in 
outreach activities with the goal of improving K-12 education. With the advent 
of a National Science Foundation program to fund collaborative projects between 
K-12 and university scientists, there was a clear need for a scholarly publication 
that described how a project was planned and enacted, explored the successes and 
contradictions, and considered what improvements were necessary. This monograph 
does just that by using a variety of data resources and sociocultural theoretical frames 
to highlight the benefits, contradictions, and directions for the future based on 
research and evaluation of a NSF-funded project from the Graduate Teaching Fellows 
in K-12 Education program (hereafter referred to as GK-12). 

When done well, the sort of project described in this monograph has the potential 
to substantially improve K-12 science education. Most would agree that scientists 
should be major stakeholders in K-12 science education, and if they can successfully 
collaborate with K-12 teachers, there seem to be strong prospects for enacting 
high-quality science curricula. Yet effective collaboration between participants can 
be elusive. Plans for collaboration that appear persuasive and elegant on paper can 
be replete with contradictions and require consistent tinkering when enactment 
occurs. An assumption underlying successful collaboration is mutual respect among 
participants. If this is to occur, the identities of all participants need to be secure. 
Ideally each participant must feel confident that he or she has something to offer and 
each must be prepared to learn from the other. 

However, unlike the project described in this monograph, many GK-12 programs 
were developed around deficit ways of thinking about the quality of K-12 science 
education. Plans often focused on the shortcomings of teachers and teaching, 
especially on the inadequacies of teachers’ subject-matter knowledge and whether 
they knew enough to successfully teach science. From this perspective there is some 
appeal in plans to provide additional science subject matter experts to offset the 
deficits in the resident teachers’ knowledge. Not surprisingly, such approaches to 
collaboration are not well received by most teachers who regard themselves as well- 
qualified, professional, hard working, and effective in the circumstances in which they 
have to teach. Projects that begin with deficit perspectives have a lower likelihood of 
success than those in which it is realized that all participants in collaborative projects 
can learn from others through active coparticipation. 

From the perspective of the science graduate students, it is important that they have 
understandings about teaching, learning, and curriculum so that their conversations 
with teachers are informed by up-to-date knowledge about appropriate resources, 
models, theories, and research. In this project, the graduate students were involved 
in a course that dealt with such topics prior to beginning their collaboration 
with teachers. Subsequently, they have to understand how to successfully interact 
with teachers and, in so doing, become resources for enhancing their learning 
and teaching. Such interactions should expand the teachers’ identities as science 
educators. At the same time, the science graduate student should approach all 
interactions with the teachers as a learner intent on learning from their knowledge 
and wealth of experiences. Hence, being willing to learn from others while being 
their tutor is a central tenet of successful collaborative ventures. Classroom teachers 
also should see themselves as teachers and learners in collaborative projects such 
as the one featured in this monograph. Furthermore, it is essential that they 
create structures to allow the graduate science students (GK-12 Fellows in this 
monograph) to actively participate in a full range of roles so that they can use their 






expertise in science to create opportunities for students to learn science and for 
coteachers to learn about teaching science. 

The uses of coteaching in this project open the door for each coteacher to learn from 
the other. Accordingly, if both teachers teach at one another’s elbow, then there is 
scope for learning to occur consciously and unconsciously. In a seven-year project of 
collaborative research, we found experienced and less experienced teachers learning 
from one another about how to more effectively teach science to urban youth 
who were ethnically and socially different from either coteacher. Also, we found 
that experienced science educators learned more science subject matter when they 
cotaught with others. Hence, the uses of coteaching may be a primary means for 
achieving the goals of this GK-12 project. What caught my eye in this monograph 
was the possibility that the coteachers’ goals progressed from personal growth and 
change to collective growth and change in the context of cotaught classes. 

A feature of the monograph is its inclusion of practitioner research from a GK-12 
program that made a conscious effort to ascertain what was happening and why it was 
happening. There is considerable merit in participants undertaking research on their 
own practices and, on the basis of what is learned, effecting changes so as to improve 
the quality of enactment. Most often these forms of educational engineering involve 
identifying contradictions and dealing with them — in some cases eliminating them 
because they are deleterious and in other cases increasing the incidence of desirable, 
but infrequent, practices. Hence, taking what was done in this GK-12 project and 
using practitioner research to enhance the quality of collaboration has the potential 
to improve the quality of what is attempted in the participating science classes while 
providing bases for disseminating to others what is learned from the research. 

The topics dealt with in this monograph cover the terrain of interests for science 
educators and include the infusion of good science into curricula, personal learning 
and growth as a teacher, inquiry and the use of models such as the learning cycle, 
cooperative learning, effective teaching, and learning science with understanding. 

Just how these issues arose during a GK-12 collaborative project set in K-8 classes is 
illustrated in nine chapters written by some of the participants. The result is a volume 
that is bound to catch the attention of school and university personnel who are open 
to establishing partnerships to benefit K-12 science education. As is shown in these 
chapters, they may get more than they bargained for. Not only are improvements 
likely in K-12 education but also in the quality of college science education. One of 
the more exciting aspects of the project described in this monograph is that college 
science faculty learn about learning, teaching, and curriculum, and then, through 
their activities in K-8 classrooms, they develop knowledge of science education that 
has the potential to be applied for the benefit of improving not only subsequent 
populations of K-12 students but also the quality of college science teaching and 
learning. The prospects of creating a critical mass of science faculty in universities 
with the motivation and skills to collaborate not only with colleagues in the college of 
education within their own university but also with K-12 teachers are appealing and 
auger well for the long term prospects of science education in the U.S. 
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Doctoral Dissertation Title: 
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Why I chose my fields: 

My first love, brain research, is one of the "final frontiers” of science to me. I love discovering 
how this intricate organ enables different species to solve their "problems of life." My second 
love, science teaching and learning, evolved from my first. How do we better communicate 
our scientific findings? How do we ensure a scientifically literate public? How do we ensure 
a continued pipeline of young students interested in entering science as a human endeavor? 
These questions, combined with my love of teaching, have driven my passion for science 
teaching and learning. 

Why I wrote the GK-12 program proposal: 

To help scientists make more meaningful contributions to K-12 science teaching and learning. I feel 
that this is critical for a scientifically literate public and for a continued pipeline of young students 
interested in entering science as a career. The best time to reach scientists and give them a chance 
to learn about K-1 2 science teaching and learning is during their formative years as graduate 
students. Hence, I wrote the GK-12 grant proposal. 

What I gained from the GK-12 program: 

I have learned a tremendous amount about science teaching and learning from the GK-12 
teachers, the GK-12 graduate fellows, and my science colleagues at FSU as a result of this program 
and would like to thank each of them for this. I have also learned about how to help science 
graduate students become better teachers at any level, K-20. 




Addressing Our Country’s Needs 

How can we make sure that the next generation is prepared to supply the mathematics 
and science core forms of knowledge? With less than 10% of our public judged to 
be scientifically literate and our children performing almost last of the 41 countries 
participating in the Third International Mathematics and Science Study (TIMSS) 
by high school graduation, will we be prepared to sustain our products, services, 
standard of living, and economic and military security? 2 What should we be doing to 
maintain the pipeline of bright, young scientists and mathematicians and to create 
the scientifically literate populace necessary to make informed decisions about science 
policy as it impacts society? 

Several recent reports have addressed these questions, 1, 3 ’ 4,5,6 and the answers 
are multifaceted. It is clear that to achieve the desired results, scientists and 
mathematicians must become more involved in the answers: our teaching practices in 
science and mathematics at the K-12 and undergraduate levels must be changed. This 
is not as easy a task as it may seem at face value. Just as the background of most K-12 
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From mathematics and 
the sciences will come the 
products, services, standard 
of living, and economic 
and military security that 
will sustain us at home and 
around the world. From them 
will come the technological 
creativity American 
companies need to compete 
effectively in the global 
marketplace. . . mathematics 
and science will also supply 
the coreforms of knowledge 
that the next generation of 
innovators, producers, and 
workers in every country 
will need if they are to solve 
the unforeseen problems and 
dream the dreams that will 
define America’s future. 

— Report to the Nation from 
the National Commission 
on Mathematics and Science 
Teaching for the 21 st Century 
(Glenn Commission) 1 





